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INTRODUCTION
Carrot (Daucus carota L.) is one of the most consumed vegetable for the nutritional value with its rich vitamin and mineral content (Li et al. 2010 ). According to USDA national nutrient database for standard reference, 100 grams of fresh carrot (nearly 2 small carrots) includes 835 µg of Vitamin A rAE (retinol activity equivalent) which is almost equal to the daily recommended amount (NIH 2014 , USDA 2014 . However, due to its highly perishable nature and being a seasonal vegetable, carrot is dried, canned or pickled in order to extend the shelf life.
In food industry, carrots must be processed prior to its consumption and drying is the fundamental method for preservation especially for instant food industry (Hiranvarachat et al. 2011 ). Drying process is effective against microbial proliferation in foods by decreasing water activity of the material to be dried and therefore retards the physical and chemical changes that may occur during storage (Mayor and Sereno 2004) . There is an increasing effort to reduce the post-harvest losses of vegetables and fruits, which is around 30-40% of total production in developing countries and thus drying process has an important role in agricultural and food industry (Karim and Havlader 2005) . Despite being one of the most common methods for food preservation, conventional air-drying is an energy-intense process (Nowacka et al. 2012) . To reduce the energy costs some pretreatments can be applied for decreasing the initial water content or modifying the plant tissue structure in a way that helps to shorten the drying time (Fernandes et al. 2008) . Blanching, pulsed electric field, high or low pressure applications and osmotic drying methods might be employed for this purpose; however their use is limited since each treatment has some disadvantages on final food quality.
Ultrasound is a sound wave which has a frequency higher than the upper limit of human hearing (20 kHz). The frequency range between 20 kHz and 100 kHz is called as conventional power ultrasound. Ultrasonic waves area series of compression and rarefactions (Mason et al. 2005) , which is then causes cavitation by the effect of rarefaction cycles and bubble collapse within the molecules of the applied medium. When the bubble collapses in a liquid system, energy is accumulated (Soria and Villamiel 2010) and this generates local hot spots that has a temperature around 4000K and a pressure above 1000 atm (Mason et al. 2005) . The cavitation after bubble collapse creates new microscopic channels in addition to the natural channel that is already within the vegetable tissue which can accelerate the moisture transfer (garcía-Pérez et al. 2007 , Feng et al. 2011 . Also ultrasonic cavitation helps to release the moisture which is strongly attached and improves the rehydration capacity of the dried food (Feng et al. 2011) . For this reason, power ultrasound application as a pretreatment for conventional air drying may reduce the drying time therefore energy costs . The application of ultrasound with ultrasonic probe and ultrasonic baths are discussed individually in the literature; however there are quite a few studies that compares the ultrasound sources and no other study that compares both ultrasonic sources together with the soaking in water pretreatment at same temperature conditions.
The aim of this study was to evaluate differences in drying kinetics of carrot slices pretreated with ultrasonic probe and ultrasonic bath at the frequencies of conventional power ultrasound before air drying. The effect of ultrasound pretreatment on the physical and chemical properties of dried carrot slices including color change, β-carotene content and rehydration ability were also studied.
MATERIALS AND METHODS

MATErIALS
Fresh carrots (Daucus carota L.) were purchased from a local supermarket in Izmir, Turkey and stored in a refrigerator at 4-8°C prior to use. The carrots were washed with tap water, then handpeeled and sliced into 3±0.4 mm thickness and 3±0.3 cm in diameter with an electric slicer (Fresh Express, Moulinex, France). The initial moisture content of the carrot slices was determined using a vacuum oven (WiseVenWOV-30, Daihan Scientific Instruments, Korea) at 70°C (160 mm Hg) according to AOAC (1998) method no 964.22. Petroleum ether (Merck, germany), HPLC grade acetone (Sigma-Aldrich, USA) and β-carotene standard (Sigma-Aldrich, USA) were purchased from local suppliers and used for the analysis of β-carotene content of fresh and dried carrot samples.
PrETrEATMENTS
Carrot slices were soaked in distilled water (el. conductivity: 9 µS/cm) instead of tap water due to its stable composition and then subjected to ultrasonic waves for 3, 5 and 10 min with two different ultrasonic sources. Control samples were only soaked in distilled water for same periods given in ultrasonic pretreatments to compare the possible effects of sonication. The ratio of water/ sample mass was set to 4:1 (w/w) according to the previous studies given in literature (Nowacka et al. 2012 , Abano et al. 2013 ) and the temperatures were kept constant by circulating distilled water. 75 g of sample was placed into a glass flask containing 300 ml distilled water and the flask were then placed into the ultrasonic bath (24×14×15 cm interior dimension) (SonorexDigitech DT 103H, Bandelin, germany) working at a frequency of 35 kHz (140 W). The similar sample preparation procedure was repeated and the ultrasonic probe (UP400S, HielscherUltrasonics gmbH, germany) working at a frequency of 24 kHz (max 400W) with H14 sonotrode (14 mm tip diameter) was placed into the glass flask. Ultrasonic power was set to 65, 75 and 85 W and the intensities for those given ultrasound powers were calculated as 42.22, 48.72 and 55.22 W cm -2 , respectively for the ultrasonic probe (P) and the intensity of ultrasonic bath (B) is 0.42 W cm -2 . Also, ultrasonic bath (B) and soaking in water (S) experiments were carried out at 10, 20 and 30°C. The sample codes and pretreatment conditions are summarized in Table I . Each pretreatment was performed in triplicate. The samples were immediately taken out of water after the pretreatments and excess water were removed with filter paper before drying. The water gain and solid loss of the pretreated samples were calculated according to the following equations; The carrot samples were air-dried at 60°C and with an air velocity 1.2 ms -1 in a laboratory type tray dryer (UOP-8A, Armfield Ltd, Hampshire, UK). Firstly, dryer was preheated to 60°C and the carrot slices were placed as a single layer on a wire tray (22×17 cm) and three trays were placed into the racks of the dryer. The air flow was parallel to trays and the drying was carried out approximately 5h. The samples were weighed with an electronic balance (THB-600, Desis, Turkey) until the samples reached below 9% moisture on wet basis. Each drying experiment was performed in triplicate. Average sieve load was 1.604 kgm -2 . The movement of water inside a solid material can be explained by different mechanisms (Barbosa-Cánovas and Vega-Mercado 1996), but the liquid diffusion theory which is explained by the Fick's second law of diffusion is generally applied to calculate the diffusion coefficients as expressed below; 2 2 2
here D eff is the effective diffusion coefficient, X is the free moisture content, t is time and x is the diffusion path.
When the initial moisture content distribution inside a material is assumed to be uniform and the shrinkage of material is neglected, the analytical solution of Fick's second law for an infinite slab becomes;
Only the first term of this series expressed in equation (4) is employed for longer drying times
and the equation is simplified as below;
Equation (5) here X 0 is initial moisture content (kg water/kg dry matter), X e is equilibrium moisture content (kg water/kg dry matter), X is moisture content at time t (kg water/kg dry matter), Mr is dimensionless moisture ratio, L is half thickness (m) of the sample for the materials drying from both sides (Perry and green 1997).
When ln (Mr) plotted against drying time, the effective diffusion coefficient can be calculated according to the below equation;
Equation (6) where k shows the slope of linear segment of the plot.
MATHEMATICAL MODELLINg OF DrYINg
Thin layer drying models given in Table II were fitted to experimental drying data for evaluation of the best drying model representing the drying behavior of pretreated carrot slices. Non-linear regression analysis was performed with MATLAB software version 7.7.0 (MathWorks Inc., USA) using curvefitting tool box. Coefficient of determination (R 2 ), reduced chi-square (χ 2 ) and root mean square error (rMSE) shown in the following equations (Eq. 7, 8 and 9) were obtained for each mathematical model. The mathematical models were evaluated depending on the steps stated in the study of Kucuk et al. (2014) which was; the highest r 2 with the lowest χ 2 and rMSE were chosen as the best model fitting the experimental data.
here Mr i,e shows experimental dimensionless moisture ratio, Mr i,p shows model predicted dimensionless moisture ratio, N is number of observations, n is number of constant parameters in the model equation. The color of fresh and dried carrot slices was measured from the outer flesh part (cortex) with a hand-held chromameter with standard illuminant D65 and 2° observer (Konica Minolta Sensing Inc, Model: Cr400, Japan) with respect to CIE L*,a*,b* color scale. Samples were selected randomly and at least nine readings were recorded for each condition. Chroma (C*) and total color difference (TCD) was computed with the following equations;
( )
Equation (11) where * 0 L , * 0 a and * 0 b represents the values of fresh carrot slices.
Β-CAROTENE CONTENT
β-carotene content of carrots were analyzed according to the study of ranganna (1986) with some modifications that were stated in the study of Kowalski et al. (2013) . 0.4 g of fresh carrot or 0.05 g of dried carrot was weighed using an analytical balance (gr-200, AND, USA). 15 ml HPLC grade acetone was added into glass phials containing the carrot samples and left in dark for 24 h. To accelerate the extraction process, solution was homogenized with a laboratory type homogenizer (Ultra-TurraxT25 IKA, germany) at 12000 rpm for 1 min. Then the liquid phase was separated from the precipitate and 10 ml petroleum ether, 20 ml distilled water and a pinch of sodium sulfate was added to the liquid extract phase. Liquid phase was separated as acetone-water at the bottom layer and petroleum ether including dye on the upper layer. Absorbance of the etheric phase was read with a spectrophotometer (Varian, Cary 50 UV-VB, USA) at 452 nm. The petroleum ether was used as standard and the experiments were carried out in triplicate. Results are expressed as mg β-carotene per 100 g dry matter (carrot). rEHYDrATION rATIO rehydration experiments were carried out at room temperature conditions (20°C) using distilled water. 2 g dried carrot slices were placed in a beaker containing of 100 ml of distilled water. rehydration was carried out for 1, 2, 3 and 4 h and after the rehydration period ended, water was drained and excess water was removed with filter paper. The analyses were performed in triplicate and rehydration ratio was calculated according to the following equation;
( ) ( )
Weight after rehydration g rr
Weight before rehydration g = Equation (12) STATISTICAL ANALYSES One-way analysis of variance (ANOVA) followed by Duncan's multiple range test using SPSS software version 20.0.0 (IBM, USA) was performed to evaluate differences between the selected parameters. Normal test distribution was checked with Kolmogorov-Smirnov test prior to ANOVA analysis. Level of confidence was 95% and the results were given as average values.
RESULTS AND DISCUSSION
THE EFFECT OF PrETrEATMENTS ON CArrOT SLICES
Water gain and solid loss percent are illustrated in Table III . There have been some significant changes between samples in terms of soluble solid content and water content of pretreated carrot slices (p<0.05). According to average percent solid loss content, the highest values were observed for the longest pretreatment time. However, there was no significant difference observed between 10 min treatment with 85 W ultrasonic probe (P85-10) and ultrasonic bath at 30°C (B30-10). Depending on the pretreatment time, Wg % increased with increasing power of ultrasonic probe pretreatment. Also the samples soaked in distilled water had the lowest water gain values at shorter pretreatment periods. At similar water temperatures, the samples pretreated with ultrasonic bath had significantly higher water gain values. For solid loss, the lowest values were observed for soaking in water at 10°C for 3 min (S10-3) and the highest value were obtained from 75 W ultrasonic probe treatment for 10 min (P75-10). As it can be noticed, increasing pretreatment time caused an increment in solid loss. At same frequency and pretreatment time, comparably higher water gain and lower solid loss were observed for carrot cubes in the study of Abano et al. (2013) . Although the applied power with ultrasonic probe is quite lower than the present study, similar results were obtained for ultrasonically pretreated guava drying in the study of Kek et al. (2013) . As a result of these observations, ultrasonic pretreatments have significant effects on the vegetable tissue and possibly change the porous structure of the vegetable.
DrYINg KINETICS
The carrot slices which had an average moisture content of 88.93±0.52% and equilibrium moisture content of 0.0775±0.0055 kg water/ kg dm were dried after pretreatments until the final moisture content of 9% wet basis. For agricultural and food materials, the moisture ratio is to be reduced under 10% in order to prevent microbial growth, reduce chemical and enzymatic reactions that may negatively affect the dried product quality. Drying time to reach the specified moisture content is given in Table IV and sample drying curves of different pretreatments are presented in Figure  1 . The sample which was only dried without any pretreatment (OD) had the highest drying time with an average of 246±8.52 min. The samples having the highest water gain values (P85-10 and B30-10) reached below the 9% moisture content faster than the sample without pretreatment. There was no significant difference observed for drying time of ultrasonic pretreated samples (p>0.05); however the control samples that were soaked in distilled water needed longer drying time to reach the same moisture content. When the results of pretreated samples were compared, drying time was reduced between 8.5 to 20.5% depending on pretreatment method. These results indicated the damaging effect of ultrasound on the tissue of the carrot slices as it was expressed in the study of Jambrak et al. (2007) 2013), it was stated that the drying time of carrot cubes was reduced nearly 50% depending on the ultrasonic pretreatment at 32 kHz for a comparably longer application period than the present study.
The effective diffusion coefficients that were calculated according to simplified Fick's second law for slab are shown in Table IV . Initially, the assumption used for simplification of this law
even at lower values of effective diffusion coefficients was justified. For all dried samples independent of pretreatment type, only fallingrate period was observed. Besides, the falling-rate period was observed with two different slopes in the drying rate curves, which then led us to divide the drying curves into two parts for calculating the different effective diffusion coefficients. The highest D eff of the both falling-rate periods were observed for the sample pretreated with ultrasonic probe at 65W for 10 min, while the lowest value was observed for the sample without pretreatment (OD). The relation between applied ultrasound power and effective diffusion coefficients were not clear and statistically different for each of the pretreatments, on the other hand ultrasonic pretreated samples had higher diffusion coefficients compared to the sample without pretreatment similar to the recent studies (garcía-Noguera et al. 2010 , garcía-Pérez et al. 2011 ).
MATHEMATICAL MODELLINg OF DrYINg
Thin layer drying approach is quite popular for drying of agricultural products, since the mathematical models given in the literature can give a quick response without any drying application.
Therefore, valuable sources such as material and energy are not wasted for the data collection. Thin layer modelling data for carrot drying can be found in literature in various sample shapes (cube, disc, slab) and different drying conditions (air temperature, air velocity, relative humidity) (Doymaz 2004 , Aghbashlo et al. 2009 , Li et al. 2010 , Abano et al. 2013 , Sonmete et al. 2017 , however thin layer modelling of ultrasound pretreated carrot drying was not common.
Especially this present research will provide comparative data for ultrasonic source selection for future studies.
Mathematical models shown in Table II were fitted to experimental drying data of carrot slices, and the results are summarized in Tables V and VI. Midilli et al. model was the best model giving the highest r 2 with the lowest χ 2 and rMSE for almost each pretreatment condition; however r 2 was found higher than 0.98 for the rest of the fitted models. Sonmete et al. (2017) have studied on drying of carrot slices at 55, 65 and 75°C with air velocities of 2 and 3 m s -1 without any pretreatment and best fitting model for drying data was similarly indicated as Midilli et al. model. Depending on the literature, Page model and Henderson and Pabis models were employed for representation of thin layer carrot drying (Doymaz 2004 , Aghbashlo et al. 2009 , Zielinska and Markowski 2010 .
THE EFFECT OF PrETrEATMENT ON DEHYDrATED CArrOT COLOr
The average of color values of all carrot samples was listed in Table VII . Whiteness (L*) values of all dried carrot samples were significantly different compared to the fresh sample (p<0.05), while S20-10 and P85-5 had the highest L* values among them. However ultrasonic pretreatment increased whiteness value while reducing yellowness value, and had almost no significant effect on redness value (p>0.05). The decrease in redness value is stated as an indicator of heat degradation of carotenoids during drying (Stojanovic and Silva 2007) , but due to enzymatic browning during the drying process, an increase in redness may also be observed. In a study, the redness of ultrasonic bath (21 kHz) pretreated dried apples were found significantly higher compared to the untreated dried apples (Fijalkowska et al. 2016) . In carrots, most of the pretreated samples were in the same group with the fresh sample, so the redness was remained similar to the original value before drying. The highest redness value was observed for the sample without pretreatment, also the yellowness and the C* value was yet higher than the rest of the samples. C* values that corresponds to degree of paleness were lowest for pretreated samples and also pretreatment time increased the paleness by decreasing the C* values. This may be linked to the solid loss may lead to the loss of color compounds as well. Total color difference (TCD) demonstrates the mutual effect of whiteness, redness and yellowness and among all samples, the lowest change in TCD was found in B30-5 and B30-10. The highest TCD value was obtained in P85-5 and thus this pretreatment can be entitled as the mildest treatment with respect to the highest change in color.
Β-CAROTENE CONTENT
β-carotene is one of the hydrocarbon carotenoids and is converted into vitamin A in the human body (Hiranvarachat et al. 2011) . The intensity of yellow color in vegetables is usually associated with the higher β-carotene content. It gives carrot its characteristic orange color; however this compound is sensitive to heat, light, oxygen and enzymes (Kowalski et al. 2013) .
The average β-carotene content of the fresh carrot was found as 99.837 mg/100g dry matter and 59.251 mg/100g dry matter for the sample dried without pretreatment as shown in Table II . The amount of β-carotene was significantly different for pretreated samples when they were compared altogether (p<0.05); although the effects were not similar depending on each pretreatment type. β-carotene contents of each pretreatment types depending on the process time and power level/ temperature were statistically compared, however the data are not shown in Table III for avoiding any confusion. β-carotene retention of the samples pretreated with ultrasonic probe at 65 W improved with increasing the process time, although the similar effect was not observed for the other power rehydration is an important quality parameter for dry food products and rehydration ability of the product is directly affected from drying procedure and/or pretreatments that are applied before drying. At the beginning of rehydration moisture absorption is rapid and decreases at later stages. The rehydration ratios of carrot slices at the end of the rehydration period (4 th hour) are shown in Table III . Although the rehydration experiments were carried out for 4 h in total and the change in weight was lower than 2% between 3 rd and 4 th hour, therefore the results of the final rehydration period were presented in Table III . For the same pretreatment method, most of the samples were in the same group with respect to on the pretreatment time (p>0.05). However, increasing the pretreatment time for P85, significantly increased the rehydration ability of the dried carrot slices (p<0.05). Same effect of ultrasound was observed in the study of ricce et al. (2016) . They also studied on carrot drying and stated that pretreated samples with two pretreatment times had higher rehydration capacity than untreated for drying at 40 and 60°C. The lowest rehydration ratio was found for the sample treated with ultrasonic bath at 10°C for 5 min. The lower rehydration ability of food materials are related to structural damage and cell shrinkage during pretreatment (Jambrak et al. 2007 ), although pretreatment, drying and rehydration processes itself may change the rehydration ability as well (Lewicki 1998). When the pretreatment methods were compared individually, the highest rehydration ratio of the ultrasonic probe pretreated samples was found for the 85 W power independent of the process time.
In addition, no significant difference was observed between 65 W and 75 W ultrasound power (p>0.05).
For the ultrasonic bath pretreatment, there was no significant difference found when the results were grouped according to the process temperature (p>0.05) and similar results were observed by Fijalkowska et al. (2017) for apple slices which were subjected to ultrasound bath pretreatment prior to drying; however the rehydration ratio increased significantly at 10 min process time with increasing 
Sample
L* a* b* C* TCD the bath temperature (p<0.05). rehydration ratio of the samples soaked in the water was not significantly different depending on the process time. Only the rehydration ratio of samples soaked in water at 10°C was increased with increasing the process time. Wg and SL % of these samples were also significantly increased with increasing process time (p<0.05). Lower soluble solid content might improve the hydration capacity of the carrots as it was stated in the literature (Lewicki 1998).
CONCLUSIONS
Carrot samples were subjected to the ultrasonic pretreatment before air drying in a laboratory type tray dryer and drying kinetics and thin layer modelling data was obtained. Quality parameters of dried carrots including color change, β-carotene content and rehydration ratio was also assessed. Depending on the pretreatment period, ultrasonic application increased the effective diffusion coefficients and decreased the drying time significantly (p<0.05). However, the solid loss and water gain increased during the pretreatments. Samples pretreated with ultrasonic bath and ultrasonic probe had higher drying rates and lower drying time compared to the sample without pretreatment, which was also consistent with the previously explained bubble collapse and the cavitation effect of ultrasound. Midilli et al. thin layer drying model was determined as the best model expressing the thin layer drying behavior of pretreated carrot slices, although the other models gave satisfactory results too. In addition to having higher rehydration abilities, ultrasonic pretreatment increased the whiteness, while reducing the yellowness, and had no significant effect on the redness (p>0.05). Therefore, we can conclude that the ultrasonic pretreatment prevented carrots from browning during drying. All pretreated and dried carrot slices had significantly higher β-carotene content compared to the sample dried without any pretreatment (p<0.05). Correlation between the ultrasonic pretreatments and other quality parameters or different drying techniques may be tested in further studies.
